Objective: The aim of our study is to investigate the relationship between microalbuminuria and flow-mediated dilatation in familial Mediterranean fever (FMF) patients.
Introduction
Familial Mediterranean fever (FMF) is an autosomal recessive disease characterized by recurrent attacks of fever and polyserositis. Episodes of fever resolve between 1 and 4 days accompanied by elevated white blood cell count and elevation of inflammatory markers, such as sedimentation rate and amyloid proteins (1) . Colchicine therapy can reduce attacks and complications of FMF (2, 3) . There are two mechanisms that can explain renal-vascular damage in FMF. The first mechanism involves the development of amyloidosis and progression to renal failure, which are the most important factors determining the prognosis of FMF (4) . Amyloidosis develops due to the increased production of the serum amyloid A protein by the liver (5) . Increased concentration and decreased elimination of the serum amyloid A cause its accumulation in extracellular areas (6) . Typical manifestation of amyloidosis in a formerly known FMF patient is proteinuria, progressing to nephrotic syndrome and uremia, due to the deposition of the insoluble protein in kidneys (7) . In the second mechanism, the ongoing (chronic) inflammation causes endothelial dysfunction. It is known that the endothelial dysfunction may have a substantial role in the development of atherosclerosis and glomerulosclerosis. Increased vascular permeability and nitric oxide (NO) synthesis because of proinflammatory cytokines may result in albuminuria. Tumor necrosis factor, monocytes, and macrophages may directly damage the glomeruli. Endothelial dysfunction is linked to the defect in endothelium-dependent vasodilation mediated by NO. The endothelium-dependent vasodilation may be assessed by flow-mediated dilation (FMD) test. Endothelial dysfunction is considered a substantial factor in the development of atherosclerosis and hypertension. Over the past decade, a noninvasive technique has been developed to assess FMD in the brachial artery (8) (9) (10) (11) . It discharges the endothelium to release nitric oxide (NO) with consequent vasodilation that can be imaged as an indicator of vasomotor function. The aim of our study was to investigate the relationship between microalbuminuria and FMD in FMF patients.
Material and Methods
Our study was performed at the internal medicine clinic and cardiology clinic Cumhuriyet. The study was approved by the ethics committee of Cumhuriyet University School of Medicine, and informed consent was obtained. The study consisted of 54 patients with FMF diagnosed as per the Tel Hashomer criteria (4), who were on attack-free periods from 1 April 2012 to 1 April 2013. All patients were done FMD. Briefly, the technique of FMD is as follows: patients were placed in a supine position with the left arm immobilized; FMD was then measured using a Vivid 7 (General Electrics; Munich, Germany) ultrasound platform equipped with a 14-MHz matrix probe and a micrometric probe holder. FMD corresponded to the maximal dilation observed in the 5 min following deflation of the cuff. FMD test was performed in all patients with FMF. Attack-free periods were defined as periods with normal physical examination and normal level of inflammatory markers, such as WBC count, erythrocyte sedimentation rate, C-reactive protein. Patients taking antihypertensive drugs, antioxidants such as vitamin C, oily food; those doing intense exercise; those with a history of cigarette smoking, those who drank/ate anything 4 hours before the test, and/or those with other chronic diseases were excluded from the study. Control group included 40 healthy people not under any medication.
All statistical analyses were performed using SPSS, version 14.0 (SPSS Inc.; Chicago, IL, USA) and a p value less than 0.05 was considered statistically significant. Continuous variables are stated as mean±SD, by used the Kolmogorov-Smirnov test. Differences between patients and control participants were analyzed using the two-sample t-and Mann-Whitney U tests (nonparametric statistics) as suitable. Categorical variables were controlled using Pearson Chi-square and Fisher's exact tests.
Results
The study included 54 patients with FMF taking colchicine regularly who were in attack-free periods. Demographic and clinical data are presented in Table 1 . FMD percentages in patients and control group were 13.8±2.2 and 20.9±2.6, respectively (p=0.001). There was a significant difference in the level of microalbuminuria between the two groups (p=0.001). Laboratory data are presented in Table 2. If patients are divided into two groups as patients with microalbuminuria (n=11) and patients with normoalbuminuria (n=43), FMD levels are 12.3±1.01 and 14.2±2.12, respectively (p=0.008). Demographic and clinical data are presented in Table 3 . FMD percentages in FMF patients with microalbuminuria, in FMF patients with normoalbuminuria, and in the control group are shown in Figure 1 . There were no statistically significant differences in age, age at first diagnosis, duration of disease, dose of colchicine, and lipid profile between FMF patients and control groups, as shown in Table 4 . We observed a negative correlation between FMD and microalbuminuria (Table 4) .
Discussion
Endothelial dysfunction is associated with atherosclerosis and the development of glomerulosclerosis. However, few data exist on the role of endothelial dysfunction in renal involvement in FMF. Because we haven't got patient's renal biopsy data. The primary mechanism is known to be due to amyloidosis. FMD may play a role in predicting amyloidosis-associated early renal injury. We found that FMD percentages were significantly lower in patients with FMF than in the control group. Elevated inflammatory response is observed in patients with FMF. Serum levels of some proinflammatory cytokines are always elevated in patients with FMF. Subclinical inflammation causes endothelial dysfunction. The endothelium has an important role in the vessel and renal function. Several vessels respond to shear stress with dilatation. It is known that FMF is mediated by NO (12) . The shear stress causes excessive calcium influx into the cell, which triggers the synthesis of endothelial nitric oxide synthase (10, 13-14) . Endothelial damage or use of nitric oxide synthase inhibitors are associated with impaired FMD. Imbalances in vasoconstriction, vasodilatation, smooth muscle cell proliferation, thrombogenesis, and fibrinolysis result in endothelial dysfunction (15) . FMD measurement is a non-invasive method for assessing endothelial function.
Kiss et al. (16 ) showed that FMD percentages were significantly lower in patients with systemic lupus erythematosus than in the control group. Low percentage of FMD was also found in patients with rheumatoid arthritis because 62 of chronic inflammation (17-18). Jin et al. (19) found that FMD percentages were lower in patients with diabetes mellitus (DM) than in the control group.
We found that FMD percentages were significantly lower in FMF patients with microalbuminuria than in FMF patients without microalbuminuria, which is similar to the current knowledge on endothelial dysfunction. Microalbuminuria is defined as the excretion of albumin ranging from 30 to 300 mg in a 24-h urine collection, and it is also used for the early detection of renal dysfunction (20) . The endothelial dysfunction has an important role in the development of atherosclerosis and glomerulosclerosis in patients without DM (21) (22) . Increased vascular permeability and NO synthesis due to proinflammatory cytokines may result in albuminuria (23) . Endothelial dysfunction results in increased intracapillary glomerular pressure and also causes mesangial cell proliferation. Therefore, microalbuminuria can be observed in the setting of endothelial dysfunction (24) . Endothelial dysfunction can explain the relationship between the extrarenal complication and microalbuminuria (25) (26) .
In conclusion, we found the relationship between microalbuminuria in FMF and endothelial dysfunction because of the subclinical inflammation. Another study has found a similar relation (27) . We also observed negative correlation between FMD and microalbuminuria. This result showed that endothelial dysfunction in brachial artery may indirectly reflect endothelial dysfunction in renal artery. In lights of these results, microalbuminuria and FMD can be used for the early detection of renal dysfunction.
This study had some limitations. Our study had a relatively small sample size; furthermore, causes of microalbuminuria were not verified with histopathological examination. Another limitation to the study was the exclusion of patients with amyloidosis; therefore, the results should not be generalized to all patients with FMF. Further larger-scale and multi-center studies are needed to confirm these findings.
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